Compound c:
To a solution of lithium diisopropyl amide (20 ml, 0.94 M, 1.10 eq) in THF/hexane at -78 ºC was added a solution of Compound b (4.0 g) in THF (25 mL) over 30 minutes. After allowing the solution to stir for 15 minutes at -78 ºC, allyl bromide (3.64 g, 3.00 eq) was added dropwise over 30 minutes. Stirring was continued for 30 minutes at -78 ºC followed by an additional stirring for 2.5 hrs at 0 ºC in an ice bath. Upon the disappearance of starting material, the reaction mixture was warmed to room temperature and quenched with saturated ammonium chloride (20 mL). Volatile reaction components were removed under vacuum. The residue was dissolved in DCM (100 mL), washed with water (2 × 75mL), washed with brine (75 mL), dried with magnesium sulfate and concentrated to a golden oil. The product was purified by flash column chromatography (elution at 1:4 hexane: ethyl acetate) resulting in a white solid (2.3 g, 49%) after removal of solvent.
Compound d:
Compound c (0.82 g) was dissolved in diethylether (25 mL) and cooled to 0 ºC in an ice/salt bath. To this solution was added ethanol (0.207 g, 1.5 eq) followed by LiBH4 (4×25 mg portions, 1.5 eq). The solution was stirred for 1 hr at 0 ºC and then stirred for an additional 3 hrs at room temperature. The reaction was quenched with 1 M NaOH (25 mL). The organic layer was separated and the aqueous layer was extracted with diethyl ether (2 × 25 mL). The combined organic layers were washed with ammonium chloride (1 × 50 mL), water (2 × 50 mL), brine (1 × 50 mL), dried over MgSO4 and concentrated to an oily-solid. The residue was subjected to flash column chromatography (1:1 hexane: ethyl acetate) to afford Compound d (0.24 g, 80%).
Compound e:
Under N2 atmosphere, triphenylphosphine (26.2, 1.1 eq) and imidazole (2.5 eq) were dissolved in dichloromethane (150 mL) and cooled to 0 ºC in an ice/salt bath. Triphenylphosphine (1.1 eq) and imidazole (2.5 eq) were added to the solution. The solution was stirred for 10 mins at 0℃ and then iodine (1.1 eq) was added to the solution. Compound d (1.0 eq) was dissolved in dichloromethane (5 mL) and added to the solution. The solution was stirred for 4 hrs at room temperature. The reaction was washed with saturated NaS2O3, NaCl and dried with NaSO4. The organic layer was separated. The combined organic layers were concentrated to an oily-solid. The residue was subjected to flash column chromatography (10:1 hexane: ethyl acetate) to afford Compound e.
Compound B, C, D, E:
These compounds were prepared following the procedures described for Compound b, c, d, e, respectively.
Compound 3:
Potassium hydroxide (76.8 g, 1.4 mol) was dissolved in anhydrous methanol (250 ml) and heated to 60℃, then L-proline (46 g, 0.4 mol) was added into the mixture. After complete dissolution, 2-chlorobenzyl chloride (65.7 ml, 0.52 mol) was added dropwise. After 24h, CH2Cl2 (200 ml) was added and the reaction mixture stood for 4h. Then the mixture was filtered out and the residue was washed by CH2Cl2 twice. The filtrate was gathered, concentrated and crystallized in acetone to obtain compound 3 (80.6 g, yield: 82%).
Compound 4:
Compound 3 (24.8 g, 0.1 mol) was added into CH2Cl2 (200 ml) and the mixture was cooled to 0℃. Phosphorus pentachloride (30.2 g, 0.15 mol) was added dropwise and stirred for 1h, followed by the addition of 2-aminobenzophenone (20.0 g, 0.1 mol). The reaction was stirred at r.t. for 4h. CH2Cl2 was removed under vacuum and acetone was added for crystallization to obtain compound 4 (23.5 g, yield: 56%).
Compound 5:
Compound 4 (25.0 g, 0.065 mol), nickel (II) nitrate hexahydrate (31.6 g, 0.11 mol) and glycine (20.5 g, 0.27 mol) were dissolved in anhydrous methanol (300 ml) and heated to 60℃. The potassium hydroxide (25.0 g, 0.47 mol) in methanol (150 ml) solution was added dropwise. After 4h, acetic acid was added. Methanol was removed and followed by the addition of water (800 ml), and stirred at r.t. overnight to promote the precipitation. The mixture was filtered out and residue was gathered to obtain red solid compound 5 (22 g, yield: 75%).
Compound 6
Under N2 atmosphere, compound 3 (20.0 g, 0.04 mol) was dissolved in DMF (200 ml), followed by the addition of powdered potassium hydroxide (21.1 g, 0.4 mol) and the reaction mixture was stirred at r.t. for 1h. Under the condition of ice bath, bromide (0.042 mol) was added dropwise. Then the reaction was gradually warmed to r.t. and stirred for 4h before the addition of 5% v/v acetic acid in water. The reaction continued to be stirred for 6h to promote the precipitation and filtered out. The residue was gathered and washed by water for three times to obtain compound 6 (19.7 g, yield: 87%).
Compound 7
Compound 6 (19.7 g, 0.035 mol) was dissolved in methanol/CH2Cl2 (v/v = 50 ml/100 ml), and 3M hydrochloric acid (100 ml) was added into the mixture. The reaction was heated to 60℃ and stirred overnight until yellow/green color change was observed. Then the solvent was removed in vacuo and chloroform was used for extraction for three times to recover the ligand. The amino acid aqueous fraction was used for the next step without further purification.
Compound 8 [S5(R)]
Sodium bicarbonate (16.8 g, 0.2 mol) and EDTA-Na (18.6 g, 0.05 mol) were added into the aqueous fraction to remove residual nickel. After stirring for 20 minutes, sodium bicarbonate was added again to make pH value of the mixture stay at 7-8. Then the mixture was cooled to 0℃ with ice bath. 9-fluorenylmethyl succinimidyl carbonate (11.7 g, 0.035 mol) was dissolved in 1, 4-dioxane (50 ml) and added dropwise into the aqueous solution. The reaction was gradually warmed to r.t. and stirred for 12h. 1, 4-dioxane was removed in vacuo and citric acid was added to make pH value of the mixture stay at 2-3. The reaction was extracted with ethyl acetate for three times. The organic layers were gathered, dried with Na2SO4 and concentrated in vacuo. The final product S5 was obtained after the purification of flash chromatography (CH2Cl2: MeOH = 20:1) (4.9 g, yield: 38%).
Solid phase peptide synthesis
All peptides were synthesized by manual Fmoc-based solid-phase peptide synthesis strategy (SPPS). Intramolecular thiol-ene reactions were used for constructing target cyclic peptides. Thiol-ene reaction is conducted at ultraviolet light (365nm) with 1eq MAP/MMP (1:1) catalysis in DMF for 2 hr. The photoreaction efficiency is generally >90% for pentapeptides, and >70% for longer peptides. The resulted cyclic epimers were separated by HPLC. The linear peptide epimers were inseparable. The purified peptides were tested by ESI/LC-MS and the pure fractions were combined and then lyophilized. The linear peptides were further used for cyclization via a photoreaction and the products were purified by HPLC. In general, for peptides BDCP-1/2/3/4, the R/S epimers were separable with more than 1 min retention time differences. The purified peptides were then characterized by LC-MS. Mass spectra was obtained by ESI in positive ion mode. 
